Abstract. Cholangiocarcinoma is one of the most aggressive types of malignancy, and is associated with poor patient prognosis. Recent findings suggest that a decrease in pleckstrin homology-like domain family A, member 1 (PHLDA1) expression is significant in the induction of cell migration and tumor invasion. The clinicopathological significance of the expression of PHLDA1, and its potential correlation with the expression of CD133 in cholangiocarcinoma have remained to be elucidated. In the present study, PHLDA1 protein expression was investigated by immunohistochemical analysis of 218 cholangiocarcinoma tissue samples, as well as 30 para-neoplastic and 20 normal bile ducts. The expression status of PHLDA1 and CD133 was determined, and these results were analyzed against the age, gender, tumor location and size, histological grade, clinical stage and overall mean survival time of the patients. The expression of PHLDA1 protein was markedly decreased in 35.3% of cholangiocarcinomas, compared with that of the para-neoplastic and normal cholangiocytes. Carcinomas with loss of expression of PHLDA1 were significantly correlated with the tumor site (P= 0.001), histological grade (P= 0.020) and clinical stage (P= 0.0001), but not with age (P= 0.085), gender (P= 0.456 ) or size (P= 0.413), respectively. Kaplan-Meier survival analysis indicated that the loss of expression of PHLDA1 was significantly correlated with the overall survival time (Log rank=193.861; P=0.0001). Furthermore, the expression of PHLDA1 was found to be inversely correlated with the expression of CD133 (γ= -0.142; P= 0.036). These findings suggested that the decreased expression of PHLDA1 may be significant in the carcinogenesis and progression of cholangiocarcinoma, and may represent a novel adjunct marker of disease prognosis.
Introduction
Cholangiocarcinoma is one of the most aggressive types of malignancy, and is associated with poor patient prognosis (1, 2) . This is due to the fact that at the time of diagnosis, when the disease becomes clinically evident, the majority of cancers of the biliary tract will have outgrown the limits of curative resection. Complete resection represents the only potential curative therapy for all types of biliary tract neoplasm (3) . The morbidity of bile duct cancer varies according to country, area and ethnicity (4) . In China, the survival rate of this kind of rare carcinoma is decreased compared with in Western countries, with a tumor-free 5-year survival rate of ~13% (3, 5) . There are various underlying causes of cholangiocarcinoma, including hepatitis virus infection, particularly hepatitis C virus, chronic biliary infections of intestinal origin, primary desmoplastic cholangitis, bile duct lithiasis, infection by Clonorchis sinensis and environmental carcinogens, which represent potential pathogenesis factors for Chinese patients (3) . Advances in biological research, particularly those regarding mutation-independent activation of the Hedgehog pathway (6) , have aided understanding of the carcinogenesis and progression underlying this rare tumor. Furthermore, these results provide an opportunity for the development of targeted therapies for the treatment of biliary tract cancer. However, early pathological diagnosis remains difficult in such highly desmoplastic, submucosal, infiltrating types of cancer. Currently, sensitivity for the diagnosis of cholangiocarcinoma is only ~30% for cytology, and 40-70% for combined brush cytology and biopsy, rendering negative results virtually useless (2, 3) . Therefore, novel early diagnostic tools and therapeutic techniques for this disease are urgently required.
Pleckstrin homology-like domain family A, member 1 (PHLDA1) encodes a 401-amino acid protein, which comprises a central pleckstrin homology domain common to proteins involved in intracellular signaling or as constituents of the cytoskeleton (7-9), a central polyglutamine tract and 2C-terminal regions rich in proline-glutamine and proline-histidine repeats. The PHILDA1 gene is expressed in a wide range of normal and cancer tissues (10, 11) . PHLDA1 function varies with cell type and context, with several studies reporting proapoptotic (11) (12) (13) (14) or antiproliferative roles (15) . PHLDA1 expression is induced by external stresses, for example heat shock (13, 14) , and may be modulated by the insulin-like growth factor I (16) and extracellular-regulated kinase pathways (16) . The expression of PHLDA1 protein was previously characterized and compared with that of proposed markers of intestinal stem cells in the human small and large intestine (17) . Sakthianandeswaren et al (17) found that PHLDA1 was coexpressed with leucine-rich repeats containing G-protein coupled receptor 5 (Lgr5) in the previously reported intestinal epithelial stem cells in murine crypt base cells, and further determined that PHLDA1 expression was a marker of putative epithelial stem cells and contributed to intestinal tumorigenesis. PHLDA1 is overexpressed in human intestinal tumors of all stages, and may be involved in cell migration, as suggested by the increased staining and nuclear relocalization of the protein at the invasive front of intestinal carcinomas. Accordingly, colon cancer cells demonstrate significantly reduced migratory behavior in response to PHLDA1 suppression (17) , and in skin tumors, PHLDA1 is recognized as a follicular stem cell marker for differentiation between basal cell carcinomas and trichoblastomas (18) . PHLDA1 protein is constitutively expressed by nevi in vivo (11) , which raises the possibility that PHLDA1 expression may contribute to the benign nature of these tumors, maintaining the regulation of growth and apoptotic sensitivity to the loss of survival signals provided by adjacent keratinocytes. Therefore, the progressive downregulation of PHLDA1 expression associated with malignant transformation may contribute to the loss of these characteristics in melanoma. Downregulation of PHLDA1 protein has also been reported to be a significant predictor of poor prognosis for breast cancer patients (10) . PHLDA1 is a substrate of Aurora A (19) , which directly phosphorylates PHLDA1, resulting in its degradation. PHLDA1 also negatively regulates Aurora A, via the promotion of Aurora A degradation, thereby forming a feedback loop. PHLDA1 upregulation therefore antagonizes Aurora A-mediated oncogenic pathways, thereby revealing PHLDA1 degradation as a mechanism by which Aurora A promotes biliary tract malignancy (20) . Therefore, although the mechanisms underlying the downregulation of PHLDA1 expression remain to be elucidated, the loss of PHLDA1 expression may contribute to the development of apoptosis resistance in cholangiocarcinomas. The progressive loss of PHLDA1 expression in cholangiocarinomas may induce dysregulated cell growth and apoptosis resistance in these tumors. PHLDA1 is a putative tumor suppressor in cholangiocarcinoma and therefore the significance of the loss of expression of PHLDA1 in cholangiocarcinoma requires further investigation.
The present study aimed to identify the possible role of PHLDA1 protein in the progression of human cholangiocarcinoma by investigating its expression in 218 samples of cholangiocarcinoma.
Materials and methods
Patients and specimens. Two-hundred and eighteen cholangiocarcinoma tissue samples from a cohort of patients who had undergone surgery for cholangiocarcinoma, 30 samples of the corresponding para-neoplastic bile duct tissue and 20 samples of normal bile ducts with inflammation were retrieved from the archives of the Department of Pathology, Chinese People's Liberation Army General Hospital (Beijing, China). All specimens were from patients who had undergone surgery between July 1998 and December 2006. The specimens were 10% neutral formalin-fixed, paraffin-embedded and stored in the archives. Each tissue specimen was histologically evaluated by at least two experienced pathologists. Immunohistochemical analysis. All reagents were purchased from Zhongshan Golden Bridge Biotechnology Co., Ltd (Beijing, China) unless otherwise stated. Paraffin-embedded tissue sections (4-µm thick) were cut, dewaxed in xylene and rehydrated in a graded ethanol series. Subsequently, endogenous peroxidase activity was blocked by immersing the sections in 3% hydrogen peroxide in methanol for 10 min prior to rinsing in running water. Sections were then immersed in boiling 0.01 M EDTA buffer (pH 8.0) in a pressure cooker, which was sealed and brought to full pressure for 2 min. The pressure cooker was then depressurized and cooled under running water, prior to removal of the lid and flushing out of the hot buffer with cold water from a running tap. The cooled sections were washed twice in phosphate-buffered saline (PBS) prior to immunohistochemical analysis. The sections were incubated at 4˚C overnight in a humidified chamber with monoclonal mouse antibody against human PHLDA1 (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 1:50 dilution and polyclonal rabbit antibody against human CD133 (Abcam Inc., Cambridge, MA, USA) at 1:100 dilution in blocking solution. Following exposure to the primary antibodies, sections were incubated with the polyperoxidase-anti-mouse/rabbit immunoglobulin G for 20 min using the standard non-biotin PV-6000 Polymer Detection System (Zymed Laboratories Inc., San Francisco, CA, USA). The sections were then washed in water, counter-stained with Mayer's hematoxylin for 1 min at room temperature, dehydrated, cleaned and mounted. Paraffin blocks of human breast ductal carcinoma tissues were used as positive controls. Negative controls were sections treated analogously, but 0.01 M PBS was substituted for the primary antibodies. For immunohistochemical evaluation of PHLDA1 and CD133 expression, cytoplasmic and nucleic labeling of tumor cells was classified as positive. In scoring expression of PHLDA1 and CD133 protein, both the extent and intensity of staining were considered, in accordance with a study by Hao et al (21) . The intensity of immunopositivity was scored as follows: Negative, 0; weak, 1; moderate, 2; strong, 3. While the extent of positivity was scored as follows: <5%, 0; >5-25%, 1; >25-50%, 2; >50-75%, 3; >75%, 4, of cells in the respective lesions. The final score was obtained by multiplying the intensity and the extent of positivity scores, yielding a potential range of 0-12. Scores of ≥4 were defined as a positive expression pattern, while scores of <4 were recorded as negative.
Statistical analysis.
Fisher's exact test, Pearson's χ 2 test, Spearman's correlation coefficient test for trends in proportions and the Kaplan-Meier method with the Log rank test or Cox regression method for univariate or multivariate overall survival analysis were used to assess the associations between PHLDA1 or CD133 expression and pathological indices. P<0.05 was considered to indicate a statistically significant difference.
Results

PHLDA1 expression is downregulated in cholangiocarcinoma tissues.
PHLDA1 protein was expressed diffusely in the cytoplasm and nuclei of discrete cholangiocytes in all 30 para-neoplastic and 20 normal bile ducts (Fig. 1) . In carcinoma, PHLDA1 was expressed diffusely in the cytoplasm and nuclei of cancer cells in 141 out of 218 cases (64.7%; Fig. 2 ). The expression of PHLDA1 was low or negative in the remaining 77 (35.3%) cases of carcinoma. The majority of poorly-differentiated cancer cells were negative for PHLDA1 protein expression (Fig. 3 ). There was a significant difference in PHLDA1 immunopositivity between cholangiocarcinomas and para-neoplastic or normal bile ducts (P<0.0001). In addition, strong PHLDA1 nuclear staining was observed at the invasive margin (Fig. 4) .
PHLDA1 expression is negatively correlated with, tumor site and histological grade.
In the present group of 218 cholangiocarcinoma samples, PHLDA1 expression was negatively correlated with tumor site (P= 0.001), grade (P= 0.020) and stage (P= 0.0001), but not with age (P= 0.085), gender (P= 0.373) or tumor size (P= 0.413) ( Table I) . Follow-up data revealed that there was a significant difference in overall mean survival time between patients with PHLDA1-negative carcinomas (11.6 months) and those with PHLDA1-positive carcinomas (25.4 months; Log rank=193.861; P=0.0001; Fig. 5 ). The result of multivariate analysis by Cox regression indicated that PHLDA1 expression was an independent prognostic factor (P=0.009).
Association between PHLDA1 and CD133 expression. In the present group of 218 cholangiocarcinoma samples, 52.3% of cases were CD133 positive. CD133 expression was correlated Table I . Association between expression of PHLDA1 or CD133 and clinicopathological features. with tumor size (P= 0.003), grade (P= 0.0001), stage (P= 0.0001) and overall mean survival time (P=0.0001), but not with tumor site (P= 0.068), age (P= 0.395) or gender (P= 0.407; Table I ). Frequently, when PHLDA1 expression was negative, CD133 was found to be positive in the cancerous glands of cholangiocarcinoma. Of the cholangiocarcinomas with high expression of CD133, PHLDA1 expression was only detected in 58.2% of cases (67/115), whereas of the carcinomas with low expression of CD133, PHLDA1 was expressed in 71.8% of cases (74/103). A significant inverse association was detected between the expression of PHDA1 and CD133 (γ=-0.142; P= 0.036).
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Discussion
Sakthianandeswaren et al (17) identified PHLDA1 as a putative marker of epithelial stem cells in the human adult small and large intestine. In the colon and rectum, PHLDA1 protein was expressed in undifferentiated columnar cells limited to the crypt base. This distribution of PHLDA1-expressing cells in the human intestine closely resembles that of Lgr5 in the mouse intestine (17) . PHLDA1 was constitutively expressed in human intestinal adenomas and the majority of carcinomas. A total of 218 cases of cholangiocarcinoma with follow-up data were analyzed in the present study and the results indicated that PHLDA1 was positively expressed in 64.7%, and negatively expressed in 35.3% of carcinomas. Furthermore, the loss of PHLDA1 expression was correlated with the histological degree (P=0.0001) and clinical stage (P=0.0001). This was in contrast to the previous results in colorectal cancer by Sakthianandeswaren et al (17) , in which no correlation between PHLDA1 staining and adenocarcinoma grade or clinical stage was observed, suggesting that PHLDA1 may have a significant role in the evolution and development of cholangiocarcinoma. Enhanced staining and nuclear relocalization of the PHLDA1 protein was also observed at the invasive front of the cholangiocarcinomas, similarly to the results in colorectal cancer reported by Sakthianandeswaren et al (17) , which also suggested a novel role for PHLDA1 in cell migration. However, the mechanisms underlying the differential functions of nuclear and cytoplasmic expression of PHLDA1 remain to be elucidated. Notably, the polyglutamine tract in PHLDA1 is a feature common to several transcription factors, suggesting a potential role as a transcription factor or coactivator (22) . Follow-up data revealed a significant difference in overall mean survival time between the PHLDA1-negative (11.6 months) and PHLDA1-positive cholangiocarcinomas (25.4 months) (Log rank=193.861; P=0.0001). The result of multivariate analysis by Cox regression indicated that PHLDA1 expression was an independent prognostic factor (P= 0.009). The results of the present study also correspond with those of previously published results in breast cancer (10), melanoma (11) and oral squamous cell carcinomas (23) . It has been suggested that PHLDA1 expression may be a potential prognostic factor in cholangiocarcinoma. CD133 is an important marker in a variety of tumor stem cells (24) (25) (26) . In the present study, CD133 expression was positive in 52.3% of cholangiocarcinoma cases. Investigation of the expression of CD133 protein in the 218 cholangiocarcinoma with follow-up data, indicated that CD133 expression level was positively correlated with histological degree (P= 0.0001) and clinical stage (P= 0.0001). Furthermore, expression of the CD133 protein was significantly associated with overall survival (P= 0.0001), suggesting that CD133 expression may be a potential prognostic factor for poor prognosis in cholangiocarcinoma. The results above correspond with those of previous reports regarding cholangiocarcinoma from Japan (27) , Thailand (28) and a research group from Xian, China (29) , in which the positive rates of CD133 in cholangiocarcinoma were 48.3, 67.6 and 74.0%, respectively, and CD133 expression was considered to be a potential prognostic indicator. Subsequently, the potential association between PHLDA1 and CD133 was investigated. In the present study, PHLDA1 expression was demonstrated to be inversely associated with clinicopathological features, including clinical stage, histological grade and poor prognosis in cholangiocarcinoma. These results also indicated that PHLDA1 may be inversely correlated with CD133 (P= 0.0001), implying loss of PHLDA1 function may occur in high CD133-expressing cancer cells. However, the association between these two genes identified is descriptive rather than causative, and determination of a clear functional association required further investigation.
In conclusion, PHLDA1 expression may be downregulated in malignant phenotypes of cholangiocarcinoma. The detection of PHLDA1 and CD133 expression may, to some extent, reflect the biological behavior of cholangiocarcinoma cells, aiding the selection of appropriate chemotherapy and molecular targeting therapies.
